There is an obvious regional longevity phenomenon in China and many longevity counties are located in South China. This study was carried out to find the characteristics of elemental contents of drinking water in longevity areas in South China and the differences to non-longevity areas in China.
INTRODUCTION
Water is an important component of the human body, providing many essential macro-and micro-elements and playing an important role in human health (Nkono & Asu- biojo ). Hamilton et al. () found a similarity between the abundance of elements present in human tissues and average crystal rocks. Drinking water is also important for the environmental influences of human health (Nkono & Asubiojo ) .
Increasing attention is being paid to the quality of drinking water worldwide. Water quality can be affected by the natural background and anthropogenic activities. Natural sources of elements are largely the result of chemical weathering of rock or volcanic activity, both of which can have considerable spatial variability (Ritter et al. ) . In some rural areas in China, there is no official tap water and local residents usually drink water from mountain springs or river water. The quality of drinking water in these areas has a long-term impact on local residents' health.
The chemical and physical properties of elements influence their availability for uptake by biological organisms and their potential to be toxic to organisms, as well as transport mechanisms in natural waters (Ritter et al. ) .
Drinking water contains various micro-elements, some of which have been widely implicated in human health and disease (Kumar et al. ) . Elements such as fluorine (F), iron (Fe), manganese (Mn), copper (Cu), cobalt (Co), molybdenum (Mo), zinc (Zn), chromium (Cr), selenium (Se), elevated levels both essential and non-essential elements can pose a hazardous risk to humans (WHO ). Elevated level of F in drinking water can result in problems of increased dental caries and of the development of bone deformities (Zhang et al. ) , and long-term exposure to arsenic in drinking water at elevated levels can result in skin problems, kidney and lung cancers (Smith et al. ) .
There is an obvious regional longevity phenomenon in China (Xin-min ). The distribution of centenarians in China is very uneven, and the longevity counties are geographically concentrated in South China. Bama, Donglan, Fengshan, Rugao, Chengmai, Lingao, and Sanshui are famous longevity counties in South China. The occurrences of centenarians (OC) (the number of centenarians per 100,000 inhabitants) in these counties are higher than the average level of China and most of the other counties in China. The elemental contents of drinking water in longevity counties in China have been studied by many researchers, but the study areas have always been limited to one longevity county. Until now, the characteristics of elemental contents of drinking water in longevity areas of South China and the difference to non-longevity areas in China have not been clear. Therefore, this study was carried out to investigate the elemental contents of drinking water in the longevity areas of South China and the differences compared to the non-longevity counties in China.
MATERIALS AND METHODS

Natural geographic setting
China is divided into South and North China by KunlunQinling Mountain and the Huaihe River. In South China, the annual precipitation is higher than 800 mm, and the climate belongs to the subtropical monsoon generally. The annual precipitation in North China is lower than 800 mm and the climate belongs to the temperate continental monsoon generally. The study areas are located in South China, except for Huxian, Xinxiang, and Xilinhot counties which are located in North China. More details of the natural geography of those counties are shown in Table S1 (available with the online version of this paper).
Sample collection
A field survey was conducted to collect the drinking water samples from longevity and non-longevity counties of South China. For comparative analysis the drinking water was also collected from the non-longevity counties of North China. First, the percentage of centenarian to county levels was calculated from the national population census (NBS ). A total of 128 samples (Table 1 ) was collected that included 86% of groundwater (spring water and well water) and 14% of surface water (lake water, river water, and reservoir water). Samples collected from longevity areas accounted for 31% and the other 69% was collected from non-longevity areas.
Samples were collected from the households of local inhabitants or from potable water sources ( Figure 1 ). All the samples were collected far away from industrial and mining enterprises and the water sources had not changed for many years. No water pollution had been found according to the local inhabitants and previous literature.
The samples were collected in colorless polythene plastic bottles that had been washed once with distilled water and three times with sample water; this way the chances of contamination in the sample collection would be small.
All water samples were stored in clean plastic bottles at 4 W C before further analysis. Details of the sampling method can be found in Methods for Chemical Analysis of Water and Waste Water (MEPPRC ).
Analytical methods
The concentrations of Ca, Mg, Na, K, SO For determining selenium (Se), 10 mL samples and 5 mL concentrated hydrochloric acid were added into 20 mL glass test tubes and heated in a boiling water bath for 40 minutes. For determining arsenic (As), 10 mL samples, 1 mL concentrated hydrochloric acid, and 1 mL reducing agent (2.5% thiourea þ 2.5% ascorbic acid) were added, and allowed to stand for 40 minutes. Both Se and As were determined by hydride generation atomic 
RESULTS
Longevity situation of the study areas
The OC (the number of centenarians per 100,000 inhabitants) is an important indicator of the longevity ( The OC, CI% and UC in Sanshui are 12.1-fold, 9-fold, and 14.2-fold, respectively, as compared to northern Huaiji. Table 3 shows regular parameters and macro-elements of drinking water in longevity areas and non-longevity areas in South China as well as non-longevity areas in North
Physico-chemical parameters of drinking water
China.
The pH value of drinking water in longevity areas of South The ranges of the ratio of SCEE in SCME (SCEE SCME ) and the ratio of SCHE in SCME (SCHE SCME ) are within two magnitudes with a median of 0.4 and 0.035, respectively. 
Drinking water quality
The quality of drinking water was evaluated based on recommended standards of the World Health Organization (WHO ) and National Standards for Drinking Water Quality of the People's Republic of China (MHPRC ).
In the longevity areas of South China, TDS, TH, As, Cr, Tl, Zn, and NO À 3 are 2.5%, 7.5%, 7.5%, 2.5%, 2.5%, 5%, and (Tables 3 and 4) .
In non-longevity areas of South China, TH, As, Mn, Tl, and NO À 3 are 1.35%, 12.16%, 4.05%, 6.76%, and 11.63%, respectively. These parameters in drinking water samples were higher than the highest limits of the standards set by the National Standards for Drinking Water Quality of the People's Republic of China (MHPRC ), while their highest values are 1.05-fold, 5.64-fold, 12.13-fold, 1.77-fold, and 3.86-fold respectively, as compared with the National Standards for Drinking Water Quality of the People's Republic of China. The pH in 20.27% of drinking water in non-longevity areas in South China is lower than the lowest limit of 6.5, and the highest and lowest values are 1.08-fold and 0.88-fold, respectively, by comparison with the highest limit (pH ¼ 8.5) and lowest limit (pH ¼ 6.5).
In non-longevity areas of North China, TDS, TH, As, Fe, Na, SO 
DISCUSSION
Variations between longevity and non-longevity areas' drinking water quality
The parameters of drinking water from longevity areas and non-longevity areas in South China varied greatly. MannWhitney U nonparametric test was applied and the results showed significant difference (p < 0.05) in pH (1.05-fold, Unit: μg/L, except SCEE SCME and SCHE SCME. ∼: approximate.
n: number of samples. SCME: sum concentration of micro-elements; SCEE: sum concentration of essential micro-elements (Fe, Zn, Cu, Mn, Cr, Mo, Co, Ni, V, Se); SCHE: sum concentration of hazardous elements (As, Cd, Pb); SCEE SCME : ratio of SCEE in SCME; SCHE SCME : ratio of SCHE in SCME.
and micro-elements Se (0.25-fold, p < 0.001), As (1.58-fold, SCHE (0.06-fold, p < 0.001), SCEE SCME (2.5-fold, p < 0.001), and SCHE SCME (0.37-fold, p < 0.001).
Hydro-geochemical differences
Most of the water samples were fresh water (TDS <1,000 mg/L) ( Figure 2 ) and the others were brackish water (1,000 < TDS <2,000 mg/L). Fresh water accounted for 97.5%, 100%, and 85.71% of samples from longevity areas in South China, non-longevity areas in South China, and non-longevity areas in North China, respectively. Drinking water samples from both longevity areas in South China and non-longevity areas were mainly hard water. The percentage of very soft water (TH <75 mg/L), soft water (75 < TH <150 mg/L), hard water (150 < TH <450 mg/L), and very hard water (TH >450 mg/L) in longevity areas in South China were 22.5%, 22.5%, 47.5%, 7.5%, and that of non-longevity areas in South China and nonlongevity areas in North China were 78.4%, 6.8%, 13.5%, 1.4%, and 14.3%, 28.6%, 28.6%, 28.6%, respectively.
Hydrochemistry type of drinking water samples from longevity areas in South China were Ca·HCO 
Relationship between longevity areas and chemical composition of drinking water
The elemental content in drinking water is one of the most important factors for human health and may affect the desirable balance of essential elements in the human body (Keller ) . Generally, by comparison with non-longevity areas in China, the drinking water in longevity areas of South China has high value SCEE SCME and low value SCHE SCME . Compared with non-longevity areas in South China, TH and strontium (Sr) in drinking water in longevity areas in South China were significantly higher. Hard water and very hard water were present in 55% of drinking water in longevity areas in South China, and in 14.9% of drinking water in non-longevity areas in South China and Sr were found in non-longevity areas in North China, but the SCHE and SCHE SCME in the non-longevity areas of North China were much higher than that of the longevity areas in South China, and SCEE SCME was much lower than that of longevity areas in South China, which may have a potential impact on human health.
The concentrations of As were decreased gradually in Huaiji, Guangning, Sihui, and Sanshui in the order of north-west to south-east, which were in agreement with OC, CI%, and UC, while Cl was the opposite (Table S2, available with the online version of this paper). The concentrations of As and Cl in drinking water in Sanshui were 0.3-fold and 12.35-fold that of Huaiji, respectively.
CONCLUSION
The drinking water of both longevity areas in South China and non-longevity areas in North China was mainly hard fresh water, while that in non-longevity areas in South China was mainly soft fresh water. Most median concentrations of elements in non-longevity areas in South China were lower than those of longevity areas in South China and non-longevity areas in North China. Generally, by comparison with non-longevity areas in China, the drinking water in longevity areas of South China has high value SCEE SCME and low value SCHE SCME . Compared with non-longevity areas in South China, the concentrations of Sr and TH in drinking water in longevity areas of South China were significantly higher, while the same trend was found in non-longevity areas in North China. In the longevity areas of South China, the concentration of TH and Sr was observed at 157.82 mg/L and 82.1 μg/L, respectively, and considered as the optimum level for human health.
The elemental concentrations of As were decreased gradually in Huaiji, Guangning, Sihui, and Sanshui in the order of north-west to south-east in agreement with OC, CI% and UC, while Cl -was the opposite.
